A microscopic study was made to determine the relationship between various lung parenchymal changes, smoking habits and age. The subjects were 1,824 men and women for whom a macroscopic study of pulmonary emphysema has previously been reported. Lung parenchymal changes included rupture of alveolar septa (emphysema), fibrasis, and thickening of small arteries and arterioles. The mean degree of each of these pathologic cbanges increased with age and was far greater in cigarette smokers than in nonsmokers. The mean degree of emphysema increased from 0.09 in men who never smoked, to 1.43 in those who smdred less than one half pack per day, to 2.27 for 2+ packs per day smokers. The mean degree of fibrosis was 40 times as high in 2+ packs per day smokers as for men who never smoked. The degree of thickening of arterioles and arteries showed the same pattern by smoking habits. Cigar and pipe smokers had patbe logic changes that were greater than for men who never smoked, but less than for cigarette smokers. Former smokers who had given up smoking cigarettes for more than ten years had lesser degrees of pathologic changes than those who had given up cigarettes for less than ten years. The patterns of changes for the 388 women in the study were essentially the same as for men.
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reviously we reported the results of two studies Pof smoking habits and age in relation to findings in lung paren~hyrna.'.~ The first of these was a microscopic study of specimens taken routinely at autopsy from 1,582 men who died at the Veterans Administration Hospital, East Orange, N.J. during the years 1955-1960. ' The second was a macroscopic study of whole-lung sections from 1,443 men and 388 women on whom autopsies were performed at 
School

1970.2
In both studies a high association was found between cigarette smoking and degree of emphysema. Among men with the same smoking histories, the degree of emphysema increased with age. In the microscopic study a number of other changes in the lung parenchyma were also found to be associated with both cigarette smoking and age. These changes included fibrosis, thickening of walls of small arteries and arterioles and the finding of padlike attachments to the alveolar septa.
We have now completed a microscopic examination of specimens of lung parenchyma taken systematically from the lungs of the subjects included in the whole-lung section study mentioned above. It is different from our earlier microscopic study in three ways: (1) a different technique was used for the preparation of material; (2) women as well as men are included; (3) the subjects of this study died some years later than subjects in the first study, and during the intervening years there was a reduction in average tar and nicotine content of the mainstream smoke from cigarettes consumed in the United state^.^.^ For these reasons, findings in rela-tion to smoking habits and age could have been different in this study from those in the earlier study. Results, with respect to these two variables, are presented here.
Another reason for undertaking this investigation was to ascertain the relationship between microscopic findings and macroscopic findings in the lung parenchyma of the same set of subjects. This matter will be reported in a later paper.
The subjects of this study are described in the whole-lung section study.2 Bridy, we collected lungs at autopsy from the Veterans Administration Hospital, East Orange, N.J. and from six other cooperating hospitals in New Jersey and upstate New York. Information on smoking habits and on occupational and residence histories were obtained from relatives of the deceased. Cases were included in the study only when a complete history was obtained and the interviewers believed that the information was reliable. Of a total of 1,983 subjects with reliable histories, 152 were in smoking groups too small to be useful for analysis (snuff users, cigarette smokers who switched to pipes or cigars, etc). The remaining 1,831 subjects were included in the whole-lung section study. They were classified according to the following four groups: ( 1 ) never smoked regularly; ( 2 ) smoked cigarettes regularly up to the time of their terminal illness; ( 3 ) smoked pipes or cigars regularly up to the time of their terminal illness but never smoked cigarettes regularly; and ( 4 ) former cigarette smokers who discontinued the habit before their terminal illness.
The technique for preparing a whole-lung section requires that an intact lung (with a portion of the bronchus) be obtained. The pathologist performing the autopsy normally took a specimen from one lung and sent us the other lung intact. In some instances in which there was extensive lung pathology, or if a lung was too damaged to be idated, the lung had to be discarded. Judging from gross appearances, some of the discarded lungs were probably highly emphysematous.
LOCATION OF BLOCKS U S E D TO PREPARE SECTIONS FOR MICROSCOPIC ANALYSIS
A N T E R I O R POSTERIOR
The technique used to inflate and dry a lung has been described in detail in a previous paper.2 The dried, idated lung was placed in a rotary meat sliceri the surfaces of the anterior (ventral) and posterior (dorsal) sides were removed, and five thin sections (0.5 to 1.5 mm) were sliced from each of the two sides for macroscopic examination. Whole-lung sections were obtained from 1,831 subjects as described above, but in seven cases microscopic sections were either not prepared due to technical difficulties or were lost from the files. The remaining 1,824 subjects ( 1,436 men and 388 women) were included in this microscopic study. Left lungs were obtained from 1,271 of these subjects, and right lungs from 553. Therefore, there was a potential total of 16,804 H & E stained microscopic sections ( 1,271 left lungs x 8 sections, plus 553 right lungs x 12 sections) and an equal number of elastica van Giesen stained sections. However, less than the full quota of 8 or 12 sections of each type were obtained from some of the lungs due to technical difficulties, pathologic loss of tissue or anatomic anomalies. In all, a total of 16,536 sections of each type were available.
Two different stains were used because certain histologic features are best visualized with one stain and other features are better visualized with the other stain. In a preliminary study of the material, we examined both of the two sections from each of a large number of blocks of tissue. With respect to evaluating histologic changes of the sort which are of major interest in this study, little if anything was to be gained by examining both sections. For our purposes, the H & E sections were somewhat refera able. Therefore, only H & E sections were used for the definitive study.
The 16,536 H & E stained sections were put in random order by means of random numbers and labeled in such a way as to give the examiner no clue as to the identity of the subject. They were all examined in this random order by one of us ( O.A. ).
The pathologic findings recorded were: ( 1 ) degree of emphysema (four-point scale ranging from zero for normal to four for advanced emphysema); ( 2 ) degree of fibrosis (seven-point scale ranging from none to advanced diffuse fibrosis ) ; ( 3 ) degree of thickening of arterioles ( four-point scale); ( 4 ) degree of thickening of arteries (three-point scale); and ( 5 ) padlike attachments to alveolar septa ( Fig  2-7) . Padlike attachment is a thickening of alveolar septa in focal areas by fibroblasts, histiocytes and collagen fibrils. This is recorded as present ( I ) , or absent ( 0 ) . The data were recorded on code sheets, then later keypunched and transferred to magnetic tape.
For each of 780 (42.8 percent) of the 1,824 subjects, all of the sections were read as having the same degree of emphysema. For each of another 878 (48.1 percent) subjects, the degree of emphysema re- corded for the sections differed by just one point; and in most of these cases, the majority of sections were recorded at one level with only one or two recorded at an adjacent level (example: six sections read as degree zero and two sections read as degree one). For each of 72 (3.9 percent) subjects, the range of readings covered three points on the scale, but a plurality of the sections were at the center of this range (example: two sections read as degree one; five sections degree two; and one section degree three). For another 72 (3.9 percent) subjects, the range of readings covered three points on the scale, but the center point was not the mode (example: four sections degree one; three sections degree two; and one section degree three). In the remaining 22 (1.2 percent) cases, the readings spread over the entire range (example: one section, degree zero; three sections, degree one; three sections, degree two; and one section, degree three ) .
In order to determine whether degree of emphysema (as microscopically evaluated ) tends to be greater in some parts of the lungs than in other parts, we calculated the mean of the readings from each of the 8 or 12 locations. By this method, the upper lobes on the average, showed somewhat more emphysema than the lower lobes and middle lobes. These findings are consistent with those in our earlier microscopic study.' Specimens from the apical parts of the upper lobes showed, on the average, somewhat more emphysema than specimens from the basal parts of the upper lobes. Corresponding specimens from the two sides of the lungs (anterior and posterior) showed, on the average, very close to the same degree of emphysema.
Considering the above findings, we decided to estimate the degree of emphysema in each subject by averaging the degrees of emphysema found in all the sections from the same subject.
Findings with respect to fibrosis were similar to those in emphysema as described above; and the same method was used for evaluating the degree of fibrosis in each subject.
Statistical analyses of the data were slightly complicated by the fact that left lungs were obtained from 1,271 subjects, and right lungs were obtained from 553 subjects. In studying these two sets separately we found that among subjects of the same age, sex, and smoking habits, the mean degree of emphysema tended to be a little higher in left lungs than in right lungs. However, the differences between the two sets were too small to warrant publishing detailed figures for each of them separately. Therefore, in this report we have combined the two sets. Among the cigarette smokers, the mean degree of emphysema was lower in those who smoked onehalf pack of cigarettes per day than in those who smoked more. There was only a slight difference in mean degree of emphysema between those who smoked one to two packs a day, and those who smoked two or more packs a day. The degree of emphysema also increased with age. Within each smoking category it was least in men under the age of 60, higher in age group 60-69, and (with one exception) highest in age group 70 and older.
The data for the other findings ( fibrosis, thickening of arterioles and thickening of arteries) show very similar trends by smoking and age. Because of limitations of space, only the mean degree of findings for these variables, by smoking habits, are shown in Table 2 . The means have been standardized to the age distribution of the total study population.
Within each smoking category the mean degree of fibrosis, thickening of small arteries and thickening of arterioles increased with age. (The detailed tables by age are omitted in order to save space.)
The mean degree of fibrosis was about seven times as high for men who smoked less than one-half pack of cigarettes per day as for men who never smoked; and it was considerably higher for heavy cigarette smokers (two plus packs a day). The mean degree of thickening of arterioles and arteries shows the same pattern with respect to smoking habits. Padlike attachments to alveolar septa were found in every one of the men who were current cigarette smokers and in all but one of the pipe and cigar smokers. With few exceptions this was found in all, or almost all of the sections from each of these subjects. On the other hand, padlike attachments were found in only 46 percent of men who never smoked regularly, and in most of these, padlike attachments were present in less than half of the sections examined for each man.
A total of 283 men were classified as former cigarette smokers. They were divided into two groups according to the length of time they had stopped smoking before their terminal illness: less than ten years and ten or more years. Within these groups they were divided into those who formerly smoked less than one pack per day, and those whb smoked one plus packs per day. Table 3 shows the findings for each variable by these categories standardized by age. The mean scores are greatest for those who discontinued smoking less than ten years prior to death and formerly smoked one or more packs a day. The mean scores were least for those who had discontinued smoking for more than ten years and formerly smoked less than one pack of cigarettes per day. Findings for the latter group were somewhat higher than the low level for subjects who had never smoked.
Findings in Women
Of the 388 women in this study, 252 never smoked, 97 were cigarette smokers, and only 39 were former cigarette smokers. Table 4 shows the mean degree of findings standardized for age for the women who never smoked and for current cigarette smokers. Because of small numbers, they are divided into just two groups: those who smoked less than one pack per day, and those who smoked one pack or more per day.
The findings are essentially the same as for men. The mean degree of emphysema, fibrosis, and thickening of arterioles and arteries is higher in women who smoked cigarettes than in women who never smoked, and somewhat higher in heavier smokers than lighter smokers.
In our previous microscopic study of lung parenchyma,' we examined specimens (four from each subject) which had been taken routinely at autopsy without any specific research project in mind. The lungs had been inflated with formalin but were not subsequently inflated with air. In this study, the lungs were first inflated with formalin and then airdried in the inflated condition. Four specimens were taken from specifically designated locations from each lobe, and the microscopic sections were more than twice as large as those in the previous study. The subjects of this study died at a later date than subjects of the previous study. During the intervening years there was a reduction in the average tar and nicotine content of cigarettes consumed in the United States.
In spite of these differences in technique and date, findings among men in this study were essentially the same as findings in the earlier study. In both studies it was found that various changes in the lung parenchyma were far greater in degree and in frequency among smokers than among nonsmokers; greater among cigarette smokers than among pipe and cigar smokers; greater among heavy cigarette smokers than lighter cigarette smokers; less among former cigarette smokers who had discontinued the habit ten years or longer, than among men who continued to smoke cigarettes up to the time of their terminal illness, and increased with advancing age among men with the same smoking habits. These changes included emphysema as microscopically defined ( rupturing of alveolar septa ) , fibrosis, thickening of walls of small arteries and thickening of walls of arterioles.
The previous study was confined to men, while subjects of both sexes were included in the present study. Patterns of findings in relation to smoking habits and age were essentially the same in the two sexes.
There has been some question as to whether studies of emphysema are best conducted by examination of microscopic sections or by gross examination of whole-lung 'sections. Having now conducted both types of studies on the same set of subjects, we are of the opinion that minimal and slight degrees of emphysema are best evaluated by microscopic examination of multiple specimens from each subject, while more advanced emphysema can be better evaluated by gross examination of whole-lung sections. Certain other changes in lung parenchyma (such as thickening of walls of small arteries and arterioles) can only be evaluated by microscopic examination. These changes are frequently associated with emphysema and may be an important component of that disease entity.
Several investigators have conducted whole-lung section studies of emphysema in relation to smoking habit^.^-^-' All have shown that emphysema occurs more frequently and to a greater degree in cigarette smokers (excluding those with heavy occupational exposure to certain inhalants). Thus, the findings in whole-lung sections are consistent with findings in microscopic sections.
In clinical studies, a high association has been found between cigarette smoking and symptoms of chronic nonspecific pulmonary disease.s-10 In prospective epidemiologic studies far higher death rates from chronic bronchitis" and pulmonary emphysemal2.l3 have been found among cigarette smokers than among nonsmokers. In experimental studies, it has been shown that exposure to cigarette smoke produces pulmonary fibrosis and emphysema in dogs.14,15 Thus, the relationship between cigarette smoking and emphysema ( 
